The spinal manifestations of neurofibromatosis include cervicothoracic kyphosis, in which scalloping of the vertebral body and erosion of the pedicles may render conventional techniques of fixation impossible. We describe a case of cervicothoracic kyphosis managed operatively with a vascularised fibular graft anteriorly across the apex of the kyphus, followed by a long posterior construct using translaminar screws, which allow segmental fixation in vertebral bodies where placement of the pedicle screws was impracticable.
The spinal manifestations of neurofibromatosis include cervicothoracic kyphosis, in which scalloping of the vertebral body and erosion of the pedicles may render conventional techniques of fixation impossible. We describe a case of cervicothoracic kyphosis managed operatively with a vascularised fibular graft anteriorly across the apex of the kyphus, followed by a long posterior construct using translaminar screws, which allow segmental fixation in vertebral bodies where placement of the pedicle screws was impracticable.
The spinal deformities in neurofibromatosis and the difficulties in their surgical management are well documented. 1, 2 Translaminar screw fixation in the cervical 3 and upper thoracic spines has been described. 4 , 5 We present a case of a 90° kyphosis in the cervical spine in a patient with neurofibromatosis and its operative management by anterior and posterior staged procedures using translaminar screws.
Case report
A 17-year-old girl with neurofibromatosis type 1 presented with a progressive kyphosis between C6, C7 and T1. She complained of pain in the neck and shoulder girdle without symptoms or signs of neurological involvement. The kyphosis measured 90° between C6 and T1, and MRI and CT showed that the spinal cord was compressed at the level of the deformity, and there was significant scalloping of the anterior and posterior aspects of the vertebral bodies (Figs 1 and 2) .
Reconstruction was undertaken in two stages, starting with a standard right-sided anterior approach to the lower cervical spine, with a three-level vertebrectomy of C5, C6 and C7 and placing a vascularised fibular graft in the defect, which was supported anteriorly with a locking plate (CSLP Synthes, Oberdorf, Switzerland). A significant correction in the sagittal plane was achieved. Preoperative halo traction had been abandoned because the patient could not tolerate any weight on her head.
She was managed in hospital between stages but was able to mobilise satisfactorily.
The second stage was undertaken a week later in order to support the anterior graft and correct the scoliosis. Through a midline posterior approach between C1 and T7, screws were placed in the lateral masses of C2, C3 and C4. Using a translaminar approach, one screw (Mountaineer; DePuy Spine, Raynham, Massachusetts) was placed alternatively in the left or right lamina of each vertebra between T2 and T7 where pedicle screw placement was impossible. Only one screw was placed at each level, as it was felt that two screws might cause a fracture at the junction of the lamina and the spinous process. The spine was decorticated and Actifuse (Apatech Inc., Foxborough, Mas- sachusetts), a bone graft substitute, was added to stimulate fusion.
The spine was not immobilised, either between the stages or after the second stage and as it was stable between stages with a locked construct anteriorly and intact posterior structures with the patient in hospital, a collar was not deemed necessary. This was also true after the second stage, where, after an instrumented anterior and posterior fusion, it was felt that no further stability would be gained by external immobilisation.
Over the two stages, the kyphosis was corrected to 20°. Post-operative progress was complicated by a urinary track infection, which was treated by intravenous antibiotics with no long-term sequelae. Following discharge there was some wound irritation posteriorly without signs of infection. This was explored and found to be a subcutaneous mass of bone graft substitute six months after the second stage of spinal reconstruction. Once this was removed the wound healed completely. There was a significant reduction of pain in the neck and shoulder girdle and improved spinal balance in both coronal and sagittal planes. There are no neurological symptoms or signs. The patient is very pleased with her result and is back at school. At 18 months after operation there is solid fusion (Figs 3 and 4) .
Discussion
Neurofibromatosis (NF) is a spectrum of conditions affecting all embryonic tissue types. Spinal deformity is seen only in the subtype NF-1, and presents with a dystrophic pattern, which may be associated with intradural anoma- lies and a non-dystrophic pattern. 6 Akbarnia et al 1 found spinal deformities in 10% of 220 patients with NF-1. Deformities are usually kyphotic in the cervical spine and scoliotic in the thoracic. 6 Neurological symptoms are less common than in kyphosis elsewhere in the spine, owing to the relatively large diameter of the spinal canal. However, progressive deformity can lead to severe neurological impairment. 7 The other surgical challenge seen in neurofibromatosis is secondary to vertebral body scalloping around the spinal canal. The mechanism for this is unknown, but is thought to be either due to dural ectasia secondary to an increase in intradural hydrostatic pressure, or because of an intra-spinal tumour. Scalloping can cause difficulties when instrumenting the spine as the pedicles, lateral masses and vertebral bodies may be insufficient to hold a screw. Sublaminar wires can be used, but require the canal to be opened where the dilated, thin, ectatic dura is at risk of penetration.
Spinal fusion in neurofibromatosis is fraught with difficulties. Previous authors have recommended pre-operative traction, anterior and posterior fusion using abundant bone graft and prolonged immobilisation, or third-generation segmental instrumentation. 2, 8 Anterior structural grafting is recognised as a way of resisting progressive kyphosis, especially in neurofibromatosis, and is recommended in dystrophic curve patterns in order to reduce the risk of pseudarthrosis. A vascularised anterior strut graft has the added benefit of avoiding resorption by creeping substitution as the graft incorporates and reduces the risks of fracture and nonunion, especially in neurofibromatosis. 9 The use of translaminar screws has been described in the cervical spine, especially in C2, 3 ,10 the first and second thoracic vertebrae, 4 and as isolated screws in scoliosis constructs, 5 but hitherto not as the principal method of fixation in a long posterior construct bridging the cervicothoracic junction. The technique for cannulating the lamina and placing a translaminar screw is similar to that for inserting pedicle screws. The entry point is marked on the spinous process opposite the lamina in question and a pilot hole created. A small pedicle awl (maximum diameter 1.8 mm) is passed along the lamina in line with its superior edge, aiming for the junction of the transverse process and superior facet laterally, in order to miss the neural foramen. The track is felt with a pedicle feeler, measured, tapped, and the screw inserted (Fig. 5) . The screws used in this case were 4.35 mm in diameter and connected to a 3.5 mm diameter titanium rod (Figs 6 and 7) .
This technique differs from that of translaminar transfacetal screw placement described by Magerl, 11 in which the screw passes from the midline through a small part of the lamina and through the inferior facet joint below the lamina, to finish in the transverse process. The screw passes inferiorly and laterally from the midline and the technique is described for facet fusion, independent of rods, for the non-deformed spine. In our technique, the screws were used to obtain rod fixation to the spine, thereby allowing a large portion of spine to be instrumented with rods but not to obtain facet fusion, as this is achieved by decortication and grafting at the instrumented levels. This technique was particularly appropriate in this case, as the dystrophic deformity precluded a pedicle screw construct distal to the cervical spine. In constructs between C2 and C3, laminar screws have been shown to be equivalent to pedicle screws in C2 in terms of stability when combined with lateral mass Technical posteroanterior drawing of screw insertion and landmarks highlighting the entry point on the spinous process opposite the lamina with the passage of the screw superolaterally towards the transverse process along the superior edge of the lamina.
screws in C3, 12 although data for this construct elsewhere in the spine are not available.
In this case of cervical kyphosis in neurofibromatosis, a combined anterior vascularised fibula graft and posterior instrumented fusion using translaminar screws achieved a good clinical outcome and successful fusion. Translaminar screws provided a method of segmental instrumentation which would not otherwise have been possible because of erosion of the vertebral body. We feel that the technique can be used reliably in the thoracic spine and adds to the options for posterior instrumentation where the anatomy has been distorted or destroyed by the underlying disease.
